A Gram-negative, strictly aerobic, motile bacterium with flagella, designated strain G210
The genus Aquamicrobium was proposed by Bambauer et al. (1998) as a member of the family Phyllobacteriaceae in the class Alphaproteobacteria. At the time of writing, the genus contains five species with validly published names, Aquamicrobium defluvii (Bambauer et al., 1998) , A. aerolatum (Kämpfer et al., 2009) , A. lusatiense (Fritsche et al., 1999; Kämpfer et al., 2009) and A. ahrensii and A. segne (Lipski & Kämpfer, 2012) . Interestingly, all members of the genus Aquamicrobium have been isolated from pollutant-loaded environments such as wastewater-treatment plants, activated sewage sludge and biofilters, and the degradation abilities of some Aquamicrobium strains have been investigated in detail for specific pollutants (Lechner et al., 1995; Bambauer et al., 1998) , suggesting that members of the genus Aquamicrobium may have uses in the degradation of pollutants.
Sea tidal flats, known in Korea as getbol, are broad, lowgradient, coastal muddy marshes containing many biological resources, and play important roles in habitat restoration and nutrient recycling (Winberg et al., 2007; Jin et al., 2012) . Following an oil spill in 2007 on tidal flats of the Taean coast on the South Korean Yellow Sea, we have sought to isolate micro-organisms from the contaminated tidal flat (Kim et al., 2010a; Jin et al., 2011; Jung et al., 2011; Lee et al., 2011; Math et al., 2012a, b) . Until now, to the best of our knowledge, no members of Aquamicrobium have been isolated from marine habitats. In this study, we isolated a novel Aquamicrobium strain from the contaminated tidal flat.
Strain G210
T was isolated from a crude-oil-contaminated tidal flat (36 u 509 050 N 126 u 099 090 E) by using a previously described procedure with some modifications (Jin et al., 2012) . Briefly, a tidal flat sediment sample was obtained in December 2007, 22 days after the oil spill, and approximately 10 g of the sample was added to 100 ml 0.2 mmfiltered seawater containing 3 ml crude oil in a 500 ml Erlenmeyer flask. The enrichment culture was incubated at 25 u C and 180 r.p.m. and was transferred (1 : 20) into filtered fresh seawater containing crude oil four times every 2 weeks. The final enrichment culture was spread on marine agar 2216 (MA; BD) plates and incubated under aerobic conditions at 25 u C for 5 days. The 16S rRNA genes of isolates grown on MA were amplified by PCR using the universal primers F1 (59-AGAGTTTGATCMTGGCTCAG-39) and R13 (59-TACGGYTACCTTGTTACGACTT-39). The amplicons were double-digested with HaeIII and HhaI and their restriction fragment patterns were used as a guide to classify the colonies, as described previously (Kim et al., 2010b) . PCR products with distinct fragment patterns were sequenced and the resulting 16S rRNA gene sequences were analysed using the BLAST program (http://www.ncbi.nlm. nih.gov/BLAST/) in GenBank. From the analysis, a novel strain belonging to the genus Aquamicrobium, designated strain G210 T , was selected for further phenotypic and phylogenetic analysis. The strain was grown routinely aerobically on MA at 30 u C for 2 days, except where indicated otherwise. The strain was stored at 280 u C in marine broth (MB) supplemented with 10 % (v/v) T were used as reference strains for phenotypic comparisons, fatty acid analysis and DNA-DNA hybridization.
The 16S rRNA gene amplicon of strain G210
T was ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions. The inserted 16S rRNA gene was sequenced with the M13 reverse and T7 primers of the TOPO cloning kit. The resulting almost-complete 16S rRNA gene sequence (1406 nt) of strain G210
T was checked manually for sequence quality. Sequence similarity values between strain G210
T and related taxa were determined using the Nucleotide Similarity Search program (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) and aligned using the greengenes alignment program (http://greengenes.lbl.gov/; DeSantis et al., 2006) based on the secondary structure of the 16S rRNA. Phylogenetic trees were reconstructed using the neighbour-joining and maximum-parsimony algorithms by using the PHYLIP software (version 3.68; Felsenstein, 2002) . The resulting tree topologies were evaluated using a bootstrap analysis based on 1000 resampled datasets within the PHYLIP package. Maximum-likelihood analysis with bootstrap values was performed using RAxML-HPC BlackBox (version 7.2.8) of the Cyber-Infrastructure for Phylogenetic Research project (http://www.phylo.org; Stamatakis et al., 2005) at the San Diego Supercomputer Center.
Comparative analysis of 16S rRNA gene sequences showed that strain G210
T was most closely related to A. ahrensii 905/1 T with 97.9 % similarity. Phylogenetic analysis using the neighbour-joining algorithm showed that strain G210 T formed a clade within the genus Aquamicrobium of the family Phyllobacteriaceae (Fig. 1) . Phylogenetic trees reconstructed using the maximum-parsimony and maximum-likelihood algorithms also supported the conclusion that strain G210
T formed a phyletic lineage with members of the genus Aquamicrobium (not shown); the maximumlikelihood tree showed that strain G210
T formed a phyletic lineage with the members of the genus Aquamicrobium with 88 % bootstrap support.
DNA-DNA hybridization between strain G210 T and A. ahrensii DSM 19730 T , the most closely related strain based on 16S rRNA gene sequence comparisons, was carried out in triplicate using a previously described procedure . Briefly, extracted genomic DNA for slot hybridization was fragmented by HaeIII digestion. The digested genomic DNA was diluted serially and then different amounts of fragmented DNA (0, 8, 16, 24, 32, 40, 60, 80, 120 and 160 ng) were blotted onto Hybond-N+ nylon membranes (Amersham Pharmacia Biotech) in three replicates after denaturation using NaOH solution and heating (80 u C). Each HaeIII-digested DNA sample (4 mg) was used individually as a labelled DNA probe for crosshybridization. Randomly primed DNA labelling with digoxigenin (DIG)-dUTP and detection of hybrids by enzyme immunoassay on the nylon membrane were performed using the DIG High Prime DNA Labelling kit (Roche Applied Science). Hybridization signals were captured and analysed with Bio-Rad Quantity One (version 4.62). The signal produced by hybridization of the probe to the homologous target DNA was taken to be 100 %, and signal intensities by self-hybridization of the dilution series were used for calculation of levels of DNA relatedness. The hybridization experiment was confirmed by cross-hybridization. The DNA-DNA relatedness between strain G210
T and A. ahrensii DSM 19730 T was 24.1±0.5 %, which is clearly below the 70 % threshold generally accepted for species delineation (Rosselló -Mora & Amann, 2001 ).
Bacterial growth was tested on R2A agar (BD), laboratoryprepared Luria-Bertani (LB) agar, tryptic soy agar (TSA; BD) and MA at 30 u C. Growth of strain G210
T was assessed in MB (BD) at 10-50 u C (at 5 u C intervals) and pH 5.0-9.5 (at 0.5 pH unit intervals). MB was prepared using Na 2 HPO 4 /NaH 2 PO 4 and Na 2 CO 3 /NaHCO 3 to adjust the pH to below 8.0 and to pH 8.0-9.5, respectively (Gomori, 1955) . The pH was verified after sterilization (121 u C, 15 min) and readjusted when necessary. Growth in the presence 0-8 % (w/v) NaCl (at 1 % intervals) was investigated using MB prepared in the laboratory according to the formula of the medium. Gram staining was performed using a bioMérieux Gram stain kit according to the instructions of the manufacturer. Anaerobic growth was assessed on MA under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 30 u C for 20 days. Cell morphology, motility and the presence of flagella were studied using phase-contract microscopy and transmission electron microscopy (JEM-1010; JEOL) with 2-day-old cells grown on MA. The presence of flexirubintype pigments was investigated using two different procedures for the KOH test (Bernardet et al., 2002; McCammon & Bowman, 2000) . Oxidase activity was tested by oxidation of 1 % (w/v) tetramethyl p-phenylenediamine (Merck) and catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994) . The ability of strain G210
T and the reference strains to reduce nitrate was tested according to the method of Lányi (1987) . Additional enzyme activities and biochemical features and the utilization of carbon sources by strain G210
T and the reference strains were determined by using the API ZYM and API 20NE kits (bioMérieux) and the GN2 MicroPlate system (Biolog) according to the manufacturers' instructions except that inocula were prepared by suspending cells in 0.9 % (w/v) NaCl.
T grew well at 30 u C on R2A agar, LB agar, TSA and MA. When tested in MB, growth of the isolate was observed at 15-45 u C, with optimum growth at 30-35 u C, and at pH 5.5-9.0, with an optimum at pH 6.5-7.5. Bacterial cells were Gram-staining-negative, motile, ovoid rods (0.5-0.7 mm wide and 0.8-1.4 mm long) with two polar flagella (Fig. S1 , available in IJSEM Online). Strain G210 T grew in MB containing 0-4 % (w/v) NaCl; optimal growth occurred in 0-2 % NaCl. Flexirubin-type pigments were absent (KOH test). More physiological and biochemical characteristics of strain G210
T are described in Tables 1  and S1 and in the species description and compared with characteristics of closely related taxa in Table 1 .
Isoprenoid quinones of strain G210
T were analysed using HPLC (model LC-20A; Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (25064.6 mm, Kromasil; Akzo Nobel) as described previously (Komagata & Suzuki, 1987) . Methanol/2-propanol (2 : 1, v/v) was used as an eluent at a flow rate of 1 ml min
21
. For analysis of cellular fatty acids, strain G210
T and the reference strains were cultivated on TSA at 30 u C and cells of similar physiological age were obtained by harvesting colonies approximately 2 mm in diameter from quadrant sectors. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol, version 4.0. The fatty acids were analysed by GC (Hewlett Packard 6890) and identified by using the TSBA40 database of the Microbial Identification System (Sasser, 1990) . The polar lipids of strain G210
T were analysed by TLC using cells harvested at the exponential growth phase as described by Minnikin et al. (1977) . The following reagents were used to detect the different polar lipids: 10 % ethanolic phosphomolybdic acid (for total polar lipids), ninhydrin (aminolipids), a-naphthol/sulfuric acid (glycolipids) and Dittmer-Lester reagent (phospholipids). DNA G+C contents were determined by the fluorometric method (Gonzalez & 
(AF072542) Nitratireductor indicus C115 T (GU447302) Nitratireductor pacificus pht-3B T (DQ659453)
Nitratireductor basaltis J3 T (EU143347) Nitratireductor aquibiodomus NL21 T (AF534573) Nitratireductor kimnyeongensis JBRI2113 T (AM498744) 
2002) using SYBR green I and a real-time PCR thermocycler (Bio-Rad). Polyamines of strain G210
T and two of the reference strains (A. defluvii DSM 11603 T and A. aerolatum DSM 21857 T ) were analysed using HPLC (Shimadzu LC-10A) equipped with a fluorescence detector (Shimadzu RF-10AXL) and a reversed-phase column [Akzo Nobel; Kromasil ODS (25064.6 mm)] according to the method described previously (Busse & Auling, 1988; Busse et al., 1997) .
The only respiratory lipoquinone of strain G210
T was ubiquinone 10 (Q-10). The major cellular fatty acids (.5 % of the total fatty acids) were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) (80.4 %) and C 19 : 0 cyclo v8c (7.8 %), which are typical of members of the genus Aquamicrobium (Table 2) . However, a previous study reported the absence of some fatty acids that we detected, such as C 17 : 0 cyclo, C 18 : 1 v5c, C 20 : 2 v6,9c and C 20 : 1 v7c, in some of the reference strains, and a trace amount only of C 19 : 0 cyclo v8c in A. defluvii (Lipski & Kämpfer, 2012) , probably due to slightly different cell ages. The fatty acid analysis showed that the much smaller amount of C 16 : 0 in strain G210
T could differentiate it from other type strains of the genus Aquamicrobium. The major polar lipids were identified as phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phosphatidylmonomethylethanolamine, an unknown phospholipid and an unknown aminolipid (Fig. S2 ), in line with other members of the genus Aquamicrobium (Lipski & Kämpfer, 2012) . However, the presence of an unidentified phospholipid in strain G210
T might separate it from other Aquamicrobium strains (Table 1) ] was detected as a minor polyamine. In contrast, A. defluvii, A. lusatiense, A. segne and A. aerolatum contained only spermidine as the major polyamine, while putrescine was detected as only a minor component in other Aquamicrobium species (Lipski & Kämpfer, 2012;  Table 1 ), which might differentiate strain G210
T from the other members of the genus. The DNA G+C content of strain G210 T was 56.9 mol%, which was similar to values reported for other Aquamicrobium strains (Table 1) . Strain G210
T shared a number of characteristics with recognized species of the genus Aquamicrobium, i.e. it was aerobic, Gram-staining-negative, motile with flagella, catalase-and oxidase-positive, positive for nitrate reduction and showed the same major quinone and major cellular fatty acids. However, strain G210
T was distinct from other Aquamicrobium species in some phenotypic and biochemical properties such as polyamine pattern, polar lipids and fatty acid profile (Table 1) . Therefore, the physiological, biochemical and phylogenetic properties of strain G210
T support its assignment to a novel species of the genus Aquamicrobium, for which the name Aquamicrobium aestuarii sp. nov. is proposed. Description of Aquamicrobium aestuarii sp. nov.
Aquamicrobium aestuarii (a.es.tu.a9ri.i. L. gen. n. aestuarii of a tidal flat, from where the type strain was isolated).
Cells are Gram-staining-negative, non-spore-forming, motile, ovoid rods with two polar flagella (0.5-0.7 mm wide and 0.8-1.4 mm long). Colonies on MA are ivory, convex and round with entire margins. Growth occurs at 15-45 u C (optimum, 30-35 u C), at pH 5.5-9.0 (optimum, pH 6.5-7.5) and in the presence of 0-4.0 % (w/v) NaCl (optimum, 0-2 %). Anaerobic growth is not observed. Putrescine and spermidine are the major polyamines and sym-homospermidine is identified as a minor polyamine. ), isolated from a crude-oil-contaminated tidal flat on the Taean coast in South Korea. The DNA G+C content of the type strain is 56.9 mol%.
Defluvibacter lusatiensis corrig., sp. nov. In Validation of Publication of *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 contains C 16 : 1 v7c and/or iso-C 15 : 0 2-OH and summed feature 8 contains C 18 : 1 v7c and/or C 18 : 1 v6c.
